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326a Monday, February 4, 2013under hindering loads, and also to rapidly rebind and continue stepping follow-
ing detachment. To test the hypothesis that kinesin-2 motors are specifically
tuned for bidirectional transport, we carried out stopped-flow and steady-
state biochemical studies of monomeric and dimeric kinesin-1 and kinesin-2.
In solution, kinesin-2 motors were found to have a 30-fold higher affinity for
mantADP than unmodified ADP, presumably due to the hydrophobic nature
of the mant moiety. Extrapolated ADP off-rates in the presence of microtubules
indicated that for unlabeled nucleotide, ADP dissociation is not rate limiting for
either kinesin-1 or kinesin-2. Microtubule pelleting experiments indicated that
in the ADP state, monomeric kinesin-2 motor domains have a nearly 10-fold
higher microtubule affinity than kinesin-1 motor domains. However, this in-
creased microtubule affinity does not translate into enhanced processivity of
dimeric kinesin-2 when compared to kinesin-1. This result suggests that
kinesin-2 spends a larger fraction of its hydrolysis cycle in the ADP state
and thus is more prone to detaching under hindering loads, but following de-
tachment it readily rebinds to the microtubule. This behavior results in
a more dynamic competitionwith dynein that avoids the cargo coming to a com-
plete standstill due to motor stalling.
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Mechanical output by the kinesin motors depends on conformational changes
of the motor that transduce and amplify force, coupled to specific nucleotide
states. Large conformational changes, detected in previous structural studies,
have led to the proposal that distortional changes of the central beta-sheet
play an essential role in force transduction by the motor. We now find that mu-
tation of an invariant residue in the central beta-sheet produces unexpected ef-
fects on force transduction by the motor, enhancing the velocity of motor
movement on microtubules in vitro and the ability of the motor to crosslink
and slide microtubules in the oocyte spindle. The mutated residue is in a hairpin
loop that can undergo transition into a beta-strand, becoming part of the central
beta-sheet. The most severe mutant shows ~2-fold increased motor velocity in
microtubule gliding assays and strikingly elongated spindles in vivo. Simula-
tions of spindle assembly indicate that the elongated spindles arise because
of the tighter binding by the motor to microtubules and its faster velocity of
movement. The mutated residue thus plays a central role in kinesin motor me-
chanotransduction. Its effects in greatly increasing both ADP release and mi-
crotubule binding by the motor indicate a role for the central beta-sheet in
coupling the nucleotide- and microtubule-binding sites, and promoting ADP re-
lease. We propose that interactions of the mutated residue distort the central
beta-sheet, inducing ADP loss and triggering a force-producing stroke. The in-
creased rate of ADP loss by the mutant increases its rate of ATP hydrolysis,
accounting for the increased mechanical output by the motor.
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Cytoplasmic dynein is a minus-end-directed molecular motor involving in var-
ious cellular functions. Mammalian cytoplasmic dynein has been reported to
exhibit unidirectional movements for several micrometers in vivo (Kobayashi,
2009). However, some in vitro studies have reported that single molecules of
cytoplasmic dynein/dynactin complex showed biased diffusive movements
along microtubules (Ross, 2006; Miura, 2010), and a recent study has demon-
strated that an mRNP complex bound by a few dyneins displayed bidirectional
diffusive movements (Amrute-Nayak, 2012). To reveal the mechanism of the
transition from diffusive to directed movement in cytoplasmic dynein, we de-
signed recombinant dyneins using HEK293 cell expressing system. An artifi-
cially dimerized, tail-truncated human cytoplasmic dynein 1 (DHC380)
showed unidirectional movement, whereas full-length dyneins purified from
the same system displayed biased diffusion towards the microtubule minus
end. Furthermore, using several other recombinant dyneins that have different
head-to-head distances between two motor heads, we discovered that the dy-
nein with longer head-to-head distance contained larger diffusive component.
We also observed that multiple full-length dyneins bound to Qdot moved uni-
directionally along microtubules, while single dyneins carrying Qdot exhibited
diffusive movements. These observations imply that the directed movement of
dynein is influenced strongly by the head-to-head distances and the motor num-
ber, possibly leading to the regulation of dynein by these factors in the cell.1670-Pos Board B562
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The human kinesin-5, Eg5, is required to establish andmaintain themitotic spin-
dle. using in silico, in vitro and cell culture methods, we show that Src kinase
phosphorylates specific tyrosine residues in Eg5. These residues are located
near the nucleotide pocket and the functionally critical L5 loop. Phosphomimetic
and non-phosphorylatable Eg5mutant proteins have diminishedATPase activity
and microtubule sliding relative to wild-type Eg5. We also report that phospho-
mimetic proteins have greatly reduced affinity for the Eg5 inhibitor S-trityl-L-
cysteine. This finding suggests that Src phosphorylation of Eg5 may provide
cells a non-mutagenesis-dependent strategy to evolve resistance to anti-
mitotic Eg5 inhibitors. In this case, combination treatment targeting both
SFKs and Eg5 may inhibit mitosis more effectively than anti-Eg5 treatment
alone. Ultimately, Src phosphorylation of Eg5 represents a novel regulatory
mechanism for a human kinesin, and links the chemical and physical processes
that cause mitosis.
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The mitotic spindle is a microtubule-based bipolar structure which undergoes
a well-defined set of morphological changes while mediating the segregation
of duplicated chromosomes. It has been established that spindle morphogenesis
is governed, in part, by the activity of molecular motors from the kinesin-5 fam-
ily of bipolar motors with two pairs of catalytic domains located at the opposite
sides of the active complex. Kinesin-5 motors are believed to perform their
functions by crosslinking and sliding apart antiparallel microtubules originat-
ing from opposite spindle poles. Saccharomyces cerevisiaes cells express two
kinesin-5 homologues; Cin8 and Kip1 that overlap in essential mitotic func-
tions such as spindle assembly and anaphase spindle elongation.
Previous work from our laboratory indicated that Cin8 is differentially phos-
phorylated during mid-late anaphase at three cyclin-dependent kinase 1
(Cdk1) specific sites located in its motor domain. Phosphorylation of Cin8 at
anaphase, causes its detachment from the spindles, reduces spindle elongation
rate and aids in maintaining spindle morphology (Avunie-Masala et al., 2011).
To understand how phosphorylation regulates the functions of Cin8, we exam-
ined its motile properties by a single-molecule fluorescence motility assay, in
which movements of single Cin8-3GFP molecules were observing on fixed mi-
crotubules. Since Cin8 was shown to be phosphorylated only during anaphase,
we first examined its motile properties in crude extracts of yeast cells arrested
in the different points of the cells-cycle. We also compared the motile proper-
ties of phosphorylation-deficient and phosphorylation-mimic mutants of Cin8
to the motile properties of the wild type Cin8. We found differences in charac-
teristics of Cin8 motility under the different conditions. Results will be
presented.
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Member of kinesin-7 family CENP-E is a kinetochore-associated plus-end-di-
rected motor, which is important for faithful chromosome segregation in mito-
sis. CENP-E assists chromosome transport to the spindle midzone, where the
microtubule plus ends are located. Here we report that once reaching the dy-
namic microtubule ends in vitro, CENP-E converts from a lateral transporter
into a microtubule tip-tracker, stably associating with the tips of both assem-
bling and disassembling microtubules. We show that the binding between ki-
netochores and dynamic microtubule ends is destabilized in live cells when
CENP-E function is perturbed via an inhibition or RNAi depletion, implying
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crotubule tips. To determine the molecular mechanism of CENP-E tip-tracking,
we characterized two purified recombinant fragments of CENP-E: one contain-
ing the motor and neck domains and the second with the dimeric C-terminal
tails. The motor-containing truncated protein walked on the microtubule wall
in essentially the same manner as the full length CENP-E, while the C-terminal
tail exhibited rapid diffusion. Neither of these fragments showed the tip-
tracking, however, this activity was recapitulated by artificially joining these
two proteins by conjugating to Qdots. A computational model of CENP-E mo-
tility successfully described the tip-tracking ability by repeating the cycles of
plus-end-directed walking and the tail-mediated diffusion of the microtubule
wall-tethered motor. This novel ‘‘tethered motor’’ mechanism of tip-tracking
does not rely on the specific properties of the assembling or disassembling mi-
crotubule tips, explaining why CENP-E can tip-track bi-directionally, i.e. with
the growing and shortening microtubule ends. Together, these results establish
the requirement for CENP-E in stably linking the kinetochores to dynamic mi-
crotubule tips, and provide a detailed molecular mechanism to explain how
CENP-E can achieve this function.
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The fission yeast proteins Klp5p and Klp6p are plus-end directed motors of the
kinesin-8 family known to promote microtubule depolymerization. During mi-
tosis these motors localize to the mitotic spindle. Although the kinesin 8s are
not essential for cell division, their deletion leads to elongated interphase and
mitotic microtubules and a delayed anaphase onset. To understand kinesin-8
roles in kinetochore movements, we study cells carrying a cold-sensitive allele
of beta-tubulin. Placing these cells at 16oC for 7 hours depolymerizes their mi-
crotubules, arrests them in mitosis, and allows kinetochores to detach from the
spindle poles. We then re-warm the cells and use fluorescence microscopy to
observe chromosome reattachment and mitotic progression. We have tracked
kinetochore and spindle pole positions in four dimensions, allowing us to quan-
tify the dynamics of the kinetochore and spindle. Similar methods were previ-
ously used to characterize kinetochore dynamics in cells deleted for all the
fission-yeast minus-end directed motors; there was no difference in the rate
of final kinetochore-to-pole movements when these motors were removed.
Our preliminary data show little difference in the rates of kinetochore-to-
pole movements when the kinesin-8 genes are removed, but there are differ-
ences in kinetochore dynamics. These mutants show evidence of
kinetochore-spindle association without the characteristic movement of the ki-
netochore toward the capturing spindle pole. In klp5D mutants some kineto-
chores are pushed as much as 4 spindle lengths away from either spindle
pole, while klp6D mutants and wild type cells show no such behavior.
Kinesin-8 deletion mutants also show increased spindle length fluctuations.
In all these strains, most kinetochores are eventually recaptured and mitosis
proceeds.
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The shape and function of the mitotic spindle depends on the cooperation action
of various kinesins. Recently, it was demonstrated that the kinesin Kif18A is
a central component for the correct alignment of chromosomes at the spindle
equator. BTB-1 inhibits ATPase activity of kif18A but not of other mitotic ki-
nesins. BTB-1 is a potent inhibitor for kinesin Kif18A. In mitosis cell, inhibi-
tion of Kif18A by BTB-1 occur disorder chromosome congression and cell lead
to apotosis. In vitro, BTB-1 inhibits the motility of Kif18A in a reversible man-
ner. BTB-1 inhibits Kif18A ATPase activity in an ATP competitive manner but
microtubule. BTB-1 is composed of chloro group and the nitro group and the
two aromatic rings. Azobenzen is one of the photochromic molecules that
change their shapes and properities drastically upon ultra-violet (UV) and vis-
ible (VIS) light irradiation. Previously, we have incorporated azobenzen deriv-
ative into functional region of ATP driven motor protein and succeeded to
control microtubule dependent ATPase activity reversibly by UV-VIS light ir-
radiation. Interestingly, BTB-1 shows structural similarity to azobenzen deriv-
atives. In this study, we examined photo-reversible inhibitory effects of variousexisting azobenzen derivatives for the ATPase activity of kif18A. Cis isomer of
4-aminoazoboenzene-4-sulfonic acid induced by UV irradiation inhibited
ATPase activity of Kif18A more effectively than its trans isomer. Other
azobenzen derivate were also examined.
This work was supported by Grant-in-Aid for Challenging Exploratory
Research(23650276)from Japan Society for the Promotion of Science (JSPS).
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Kinesin Eg5, a member of the kinesin-5 family, is essential for formation of
bipolar spindle during cell division. Kinesin Kif18a, a member of the kinesin-8
family, plays a role in chromosome congression. Eg5 and Kif18a is potential
drug target for cancer chemotherapy. Monastrol and Strityl-L-cysteine (STLC)
is potent inhibitor specific for kinesin Eg5. BTB-1 is potent inhibitor for kinesin
KIf18a.
In this study, we have tried to design and synthesize various STLC and BTB-1
analogues composed of photochromic molecules in order to apply as photores-
ponsive inhibitors.
We used azobenzene as photochromic molecule. their photo-reversible inhibi-
tory effects for Eg5 and Kif18a were examined upon ultra-violet (UV) and vis-
ible (VIS) light irradiation. STLC analogue was synthesized by coupling
reaction of 4-phenylazophenyl maleimide or 4-phenylazophenyl iodoacetoa-
minde with SH-group of cysteine. BTB-1 analog was synthesized by adding
chloro group and nitro group to azobenzene.
The ability of these compounds to inhibit kinesin activity has been investi-
gated in vitro microtubule-stimulated ATPase activity. They showed revers-
ible absorption spectral changes upon UV-VIS light irradiations suggesting
the cis-trans isomerization of azobenzen moiety. Preliminary experiments re-
vealed that the Microtubules dependent ATPase activity of Eg5 was inhibited
by photochromic STLC analogue reversibly upon UV-VIS light irradiation.
We also examined inhibitory effect of photochromic BTB-1 analog for
Kif18a.
This work was supported by Grant-in-Aid for Challenging Exploratory
Research (23650276) from Japan Society for the Promotion of Science (JSPS).
Gene Regulation
1676-Pos Board B568
Systems-Level Analysis of Stem Cells in the Larval Stage of the Human
Parasitic Flatworm Schistosoma
Bo Wang1,2, James J. Collins1,2, Phillip A. Newmark1,2.
1University of Illinois, Urbana-Champaign, Urbana, IL, USA, 2Howard
Hughes Medical Institute, Urbana, IL, USA.
This study combines quantitative biophysical approaches and functional geno-
mic analysis to understand stem cell development in the human parasite Schis-
tosoma mansoni. We anticipate these parasites will become a unique model
system in which studies of fundamental stem cell biology have the potential
to impact a devastating human disease. Schistosoma flatworms parasitize
over 230 million people worldwide, causing schistosomiasis, a neglected trop-
ical disease with a global socioeconomic burden nearly equivalent to that of
HIV/AIDS and malaria. In addition to their relevance to human health, the
complex biology of these parasites has fascinated scientists for nearly a century.
Schistosomes transmit via a complex life cycle that alternates between obligate
parasitism of snail intermediate and human definitive hosts. To facilitate these
transitions, schistosomes develop sequentially four distinct body plans, a pro-
cess accomplished by a population of stem cells that undergo multiple rounds
of stage-specific self-renewal and differentiation. Here, we focus on the devel-
opment of sporocysts (larval schistosomes) upon entry into snail hosts. At this
stage, stem cells divide and asexually produce many simultaneously develop-
ing daughter embryos, leading to a geometric expansion of single sporocysts
to thousands of infectious cercariae. Since little is known about the biology
of these stem cells, we are developing novel fluorescence imaging methods
to reconstruct the trajectories of these cells during development. We are inte-
grating these studies with genome-wide analyses of gene expression and func-
tion. Our studies show that these cells resemble pluripotent stem cells called
neoblasts, that drive long-term tissue homeostasis and regeneration in long-
lived free-living flatworms. Functionally, we identify a group of evolutionarily
conserved post-transcriptional regulators which maintain the enormous repro-
ductive capacity of these cells.
